ABSTRACT: Polysiloxane xerogels containing both -SH and -NH 2 functions have been prepared using the sol-gel method with alkoxysilane precursors [such as Si(OEt) 4 , (MeO) 3 Si(CH 2 ) 3 SH and (EtO) 3 Si(CH 2 ) 3 NH 2 ]. Molar ratios of 3.2:1, 1.1:1 and 0.4:1 for the two functions -SH and -NH 2 were employed. Xerogels which contain only one of the two functions were also synthesized for comparative purposes.
INTRODUCTION
Polysiloxane xerogels with mono-functional hydrophobic (Slinyakova and Denisova 1988) or hydrophilic surface layers (Zub and Parish 1996; Avnir et al. 1998; Voronkov et al. 2000; Zub and Chuiko 2006) are of significant continuous interest, principally because of their wide design possibilities brought about through the use of the sol-gel method (Brinker and Scherer 1990) . This has led to such xerogels comprising a well-investigated class of materials. However, only a limited number of works have been devoted to the synthesis and characterization of xerogels possessing a bifunctional surface layer [El-Nahhal et al. 1996; Yang et al. 1997a,b; Zub et al. 2002; Melnyk (Seredyuk) et al. 2002] , although a priori it is clear that the creation of multifunctional surface layers would provide a far more efficient method for influencing the properties of xerogels. For example, the sorption properties of such xerogels may be changed by the variation of both the nature and molar ratio of the functional groups in the surface layer (Zub et al. 1993) . This is readily brought about by adjusting the molar ratio of alkoxysilanes reacting during the sol-gel synthesis. Such changes in the ratio are possible over a wide range. Again, the simultaneous presence in a surface layer of functional groups with different characteristics and structures (for example, acidic properties or considerably different sizes) can result in different structural peculiarities and, as a consequence, can influence the behaviour of this sorption layer. Interference between functional groups contained in surface layers can also lead to synergistic effects. Hence, the aim of the present study was to examine in detail the structure and behaviour of such bifunctional layers (Zub et al. 1993) . In this article, we consider porous polysiloxane xerogels with 3-aminopropyl groups and 3-mercaptopropyl groups in their surface layers.
EXPERIMENTAL

Sample preparation
Si(OC 2 H 5 ) 4 (TEOS, 98%), (CH 3 O) 3 Si(CH 2 ) 3 SH (MPTMS, 95%) and (C 2 H 5 O) 3 Si(CH 2 ) 3 NH 2 (APTES, 99%) were obtained from Aldrich and used as received. Xerogels containing only 3-mercaptopropyl groups (Table 1 , samples A and B) [Melnyk (Seredyuk) et al. 2002] or 3-aminopropyl groups (Table 1 , sample F) (Zub and Chuiko 2006) were synthesized for comparative purposes. Catalysts for the preparation of the xerogels were (n-Bu) 2 Sn(O 2 CCH 3 ) 2 (sample A) or F -ions (sample B). Xerogels containing both 3-mercaptopropyl groups and 3-aminopropyl groups (samples C, D and E) were synthesized using previously described methods [Melnyk (Seredyuk) et al. 2002] . The molar ratio of alkoxysilanes used for the synthesis of these samples is presented in Table 1 . Four xerogels (C, D, E and F) were synthesized without catalyst addition since this role was performed by amino groups, which under water-addition conditions created a basic medium. Batches of the xerogels C-E were treated with a 0.1 M HCl solution for 2 h. The resulting precipitates were filtered off and dried at room temperature for 12 h with a view to preparing samples with protonated 3-aminopropyl groups.
The amino group contents of the xerogels were determined by reverse acid-base titration (Khatib and Parish 1989) . The thiol group contents were found by the reverse complexometric titration of an excess of the standard solution of silver nitrate by the sodium salt of 2,3-dimercapto-1-propanesulphonic acid (Unithiol) in 1 M HNO 3 medium. Di(n-sulphophenyl)-thiocarbazone (Pilipenko et al. 1989 ) was used as a metallochrome indicator (Ag + does not interact with the amino groups of the surface layer under such conditions). The results are summarized in Table 1 .
Physicochemical characterization
The relevant DRIFT spectra were recorded on a Thermo Nicolet Nexus FT-IR spectrometer at 4 cm -1 resolution using the Spectra Tech diffuse reflectance collector accessory at room temperature. The samples were mixed with KBr (1:30 by weight) and were used to fill the DRIFT sample cup before measurements. The spectra of the alkoxysilanes were recorded using samples contained between thin NaCl plates. Raman spectra were recorded via the special equipment for the Nicolet NEXUS 670 spectrophotometer in reflection mode using an Nd:YAG laser excitation wavelength of 1064 nm and a Ge detector. The Raman spectra of the samples were measured at room temperature at 180°reflection angle. To record all the spectra, 500 scans were used with a laser power of 0.6-1.0 W.
The 1 H MAS NMR spectra were recorded on a Bruker Avance 750 spectrometer using 32 kHz Magic Angle Spinning (MAS) frequencies (2.5 mm ZrO 2 rotor), single 30°rf pulses, recycle delays of 5 s, with 16 scans being acquired. The 13 C and 29 Si MAS NMR spectra were recorded on a Bruker DSX 400 spectrometer using 4 and 7 mm ZrO 2 rotors.
13 C{ 1 H} and 29 Si{ 1 H} Cross-Polarization (CP) MAS spectra were obtained using contact times of 1 ms, recycle delays of 1 s, rf field strength of ca. 50 kHz and 1200-2000 scans. 29 Si Direct Polarization (DP) MAS spectra were obtained using 90°rf pulses, recycle delays of 60 or 300 s, and 300-1000 scans. All chemical shifts were referenced relative to TMS.
Nitrogen adsorption isotherms were measured at -196°C using a Quantachrome Autosorb automated gas adsorption system. Specific surface areas were calculated by the BET method (Brunauer et al. 1938) while the pore-size distributions were determined using the approach set out in a number of papers (Gun'ko et al. 2001; Skubiszewska-Zię ba et al. 2003; Gun'ko et al. 2004) .
RESULTS AND DISCUSSION
Composition of the surface layer and textural characteristics of the synthesized xerogels Xerogels with a bifunctional surface layer containing two types of groups -thiol groups which are capable of deprotonation and amino groups which are capable of protonation -were prepared in methanol using a hydrolytic polycondensation reaction [Melnyk (Seredyuk) et al. 2002] according to the following scheme:
The TEOS/functionalizing agent molar ratio in the initial solution was 2:1 while the MPTMS/ APTES ratio was varied (3:1, 1:1 and 1:3). Table 1 shows that the final products (xerogels) had approximately the same ratio of functional groups SH/NH 2 as mentioned above. Thus, for samples C, D and E, this was equal to 3.2:1, 1.1:1 and 0.4:1, respectively. The TEOS/APTES molar ratio was maintained at 2:1 during the synthesis of sample F containing only 3-aminopropyl groups, i.e. a non-aqueous solvent was not employed. The xerogel formed under these conditions had a high content of functional groups, almost all of which were accessible to protons (Zub and Chuiko 2006) . Synthesis of the xerogel whose surface layers contained only 3-mercaptopropyl groups was effected following procedures described previously by El-Nahhal et al. (1996) , Khatib and Parish (1989) and Yang et al. (1996) . However, when the synthesis procedure involved the compound (n-Bu) 2 Sn(O 2 CCH 3 ) 2 as a catalyst, the xerogel formed was non-porous (Table 1 , sample A); in addition, the gelation time substantially increased in this case. The use of bases or acids as catalysts in this system is undesirable because there is a risk of salt formation or oxidation of the thiol sulphur. Thus, the fluoride ion was used as a catalyst during the synthesis of sample B with thiol groups in its surface layers (Cerveau et al. 2001) . In this case, the formation of a transparent elastic gel was observed during the first minute [Melnyk (Seredyuk) et al. 2002] , with its further processing resulting in a porous xerogel.
The proposed synthesis techniques allow xerogels with a high total content of functional groups (3.1-4.2 mmol/g) to be prepared (see Table 1 ). The structural/adsorption characteristics of these xerogels are listed in the same table [the nitrogen adsorption isotherms of samples C, D and E are shown as examples in Figure 1 (a)]. From Table 1 , it follows that all the samples (with the exception of the non-porous sample A) exhibited close values for their specific surface areas, but were essentially different as far as their porous structures were concerned. Xerogel B with only 3-mercaptopropyl groups possessed a uniform system of mesopores [Figure 1(b) ] with pore sizes on the borderline between micro-/meso-pores. Such kind of porosity is not unexpected since the presence of SH groups created a weak-acid medium during the synthesis.
Substitution of an initial solution containing 25 mol% PTMS by one with a similar concentration of APTES (xerogel C) resulted in the formation of a bimodal structure [Figure 1(b) ], in which the mesopore size for one system was close to the ones for sample B (Table 1) . A similar situation was observed for sample E: 75% MPTMS was substituted for APTES during the synthesis of this xerogel. Changing the starting solution to 50% MPTMS for APTES (xerogel D) led to the formation of a porous sample with virtually uniform pore sizes. However, it should be noted that a poorly defined maximum was observed in the pore distribution curve for this sample [Figure 1(b) ], indicating the presence of a small amount of mesopores with a diameter of ~22 nm. Apparently, the creation of a system of mesopores in samples with a bifunctional surface layer was caused by the alkaline medium created by the introduction of APTES [Melnyk (Seredyuk) et al. 2002] .
As would be expected, the pH value of the reaction solution (where the hydrolytic polycondensation process takes place) increases in step with the concentration of APTES, and it is to be expected that the sizes of the mesopores would increase in a stepwise fashion from C to E. This assumption is based on the observation that the xerogel containing 3-aminopropyl groups when synthesized in methanol also contained a small amount of mesopores with a diameter of 22.6 nm (Zub and Chuiko 2006) . A comparison of the pore sizes for samples C and E supports the above assumption (Table 1) . However, the pore system existing in sample D did not follow this rule. This observation could be taken as indirect evidence that these samples are not composed of a mechanical mixture of globules whose surfaces possess only 3-mercaptopropyl groups or 3-aminopropyl groups. It should also be noted that, in addition to pH, other factors also affect the character of the porous structure in these systems.
IR and Raman spectra
The IR spectra of the synthesized xerogels were typical for functionalized polysiloxane adsorbents (Zub and Chuiko 2006) . Thus, the most intense absorption band with a high-frequency shoulder was observed in the 1000-1200 cm -1 spectral range, consistent with the presence of a three-dimensional siloxane framework in all the samples (Figure 2 ) (Finn and Slinyakova 1975) . The presence of propyl chains in the xerogels was indicated in the IR spectra by a set of absorption bands of low intensity in the 1290-1470 cm -1 region and two (sometimes three) absorption bands of medium intensity in the 2800-3000 cm -1 region. They are characterized by ν sym,asym (CH) stretching vibrations. At 2565 cm -1 in the IR spectrum of xerogel B (Figure 2) , it is possible to distinguish an absorption band which relates to the ν(SH) vibration. A reduction in the proportion of MPTMS in the starting solution resulted in a decrease in the intensity of this band, with the result that it is apparently absent from the IR spectra of xerogels D and E (Figure 2) .
It is well known that bands associated with ν(SH) valence vibrations in IR spectra become much more intense in the corresponding Raman spectra (Lin-Vien et al. 1991) . Hence, such Raman spectra have been recorded for xerogels with 3-mercaptopropyl groups (Zub and Chuiko 2006) . Irrespective of the ratio of thiol to amino groups in their surface layers, the spectra of all the compounds exhibited an absorption in the 2570-2580 cm -1 region which could be assigned to the ν(SH) vibration. In addition, the Raman spectra of samples D and E exhibited weak lines (at wavenumbers higher than 3250 cm -1 ) that could be assigned to the ν sym,asym (NH) vibrations of amino groups.
Since all the samples contained water, an absorption band of medium intensity occurred in the 1625-1638 cm -1 region which corresponded to δ(H 2 O) vibrations. A broad and intense band also occurred at > 3100 cm -1 in all the IR spectra; this was assigned to the ν(OH) vibration of adsorbed water. Two additional low-intensity absorption bands occurred at ~3300 and ~3365 cm -1 in the spectra of samples C, D, E and F; these may be related to the ν sym,asym (NH) vibration of amino groups (Figure 2 ). In addition, in the IR spectra of samples C-F, weak absorption bands occurred at 1589-1593 cm -1 and 1540-1552 cm -1 , respectively, whose intensities increased from sample C to sample F; these may be related to the increase in the number of amino groups in the surface layers in this sequence of samples. Such bands were absent from the IR spectrum of xerogel B. The occurrence of these bands arose from the deformation δ(NH 2 ) vibrations of the amino group.
Solid-state NMR spectroscopy
The 13 C CP/MAS NMR spectra for xerogels A, B and D are shown in Figure 3 , while the assignments for the signals are listed in Table 2 . These assignments agree with data presented by other authors (El-Nahhal et al. 1996; Yang et al. 1996 Yang et al. , 1997a Van Blaaderen and Vrij 1994;  13 C signals of 3-mercaptopropylsilane and 3-aminopropylsilane moeities can be observed.
In addition to the signals of the propyl chain, the spectra of samples A and B exhibit signals which are typical of residual methoxy groups and ethoxy groups. Finally, the spectrum of sample A shows a weak broad signal in the 40-45 ppm region. Its occurrence arises from the fact that there are [-CH 2 -CH 2 -CH 2 ] 2 S 2 grouping in this sample which are generated during its synthesis (Lim et al. 1998) . , respectively, where RЈ is the functional group (NH 2 or SH) and R is H, CH 3 or C 2 H 5 . A similar arrangement of signals has also been noted in many other studies of these structural units [see, for example, El-Nahhal et al. (1996); Yang et al. (1996a,b) ; Van Blaaderen and Vrij (1994) ; Engelhardt and Machel (1987) ].
It should be point out that the 29 Si DP/MAS NMR spectra were recorded with relaxation times of 60 s and 300 s for sample D [ Figure 4 (c) and (d), respectively]. These spectra are very similar, i.e. they have the same signal form and relative intensity, and provide evidence for the absence of any influence of the recycle delays on the spectra.
The abundance of each structural unit can be proven by modelling the 29 Si DP/MAS NMR spectrum of xerogel D [ Figure 4(c) ]. The total content of T n (T 2 + T 3 ) units in this sample was 33%, with the content of Q 2 , Q 3 and Q 4 units being 5%, 27% and 35%, respectively. Thus, the actual composition as measured by NMR spectroscopy is similar to that which would be expected if all the silicon compounds reacted at roughly the same reaction rate. According to the 13 C CP/MAS NMR spectroscopy data (Table 2 ), relative to the xerogels A and B, alkoxy groups are absent from xerogel D. Hence, even without taking into account the T 2 structural units, the amount of silanol groups capable of forming hydrogen bonds with 3-aminopropyl groups in sample D, for example, is equal to 37% (2 × 5% Q 2 + 27% Q 3 ), while the amount of amino groups in the same sample is approximately half this amount (ca. 33/2%). Also of interest is the role of the catalyst employed in the synthesis of sulphur-containing xerogels. In many works, in syntheses of samples with functional groups which cannot play the role of the "internal" catalyst (as, for example, the amino group), use is often made of a compound such as (n-Bu) 2 Sn(O 2 CCH 3 ) 2 . However, when sample A was synthesized using this catalyst it was non-porous (see Table 1 ). It is probable that all other xerogels synthesized under these conditions would also be non-porous. However, the use of the fluoride ion as a catalyst allowed xerogels with a developed porous structure to be obtained (see Table 1 , sample B). Moreover, the 29 Si DP/MAS NMR spectrum of this sample showed the presence of only two T n structural units (T 2 and T 3 ) [ Figure 4 (b)], in contrast to the situation arising when tin compounds were used as catalysts when the 29 Si CP/MAS NMR spectrum of the resulting material contained a signal at -47 ppm assigned to the T 1 structural unit, viz. HS(CH 2 ) 3 Si(OSiϵ)(OR) 2 (El-Nahhal et al. 1996) . This demonstrates that the polycondensation reaction was less complete in this case. As the T 1 structural unit is attached to the surfaces of globules by one siloxane bond, only a low hydrolytic stability would be expected for the surface layers of such samples.
The structure of the surface layer in the synthesized xerogels
Since -SH and -NH 2 groups exhibit different characteristics, it is not unreasonable to expect the protonation of amino groups even when thiol groups are present in a surface layer. In other words, . However, the ν(SH) line in the Raman spectrum is still present even when the quantity of amino groups in the surface layer dominates (sample E). In addition, absorption bands corresponding to the ν sym,asym (NH) stretching vibrations and δ(NH 2 ) deformation vibrations of unprotonated amino groups may be observed in the IR spectra of xerogels C and D (Figure 2) , where the quantity of thiol groups in the surface layers was in excess relative to that of the amino groups. A similar situation was noted in polymers obtained via hydrolytic polycondensation of MPTMS/APTES mixtures, where the components were present in 1:1 and 4:1 ratios (Okabayashi et al. 2002) .
The spectral regions where the ν sym,asym (NH) bands of xerogels C-E appear in the IR spectrum demonstrate that the amino groups are involved in the formation of hydrogen bonds (Lin-Vien et al. 1991) . This is also the case for the IR spectra of dilute toluene solutions of APTES where the ν sym,asym (NH) bands are located at higher frequency regions (respectively 3324 and 3384 cm -1 ) (Shimizu et al. 1997) . If alkylammonium cations were formed in samples C-E, they would have exhibited several characteristic absorption bands in the 2500-2800 cm -1 region and a band of medium intensity at ca. 2000 cm -1 in their IR spectra (Lin-Vien et al. 1991) . However, such absorption bands are not observed in the IR spectra of these respective samples (Figure 2 ). They are only observed in the IR spectra of samples D, E and F when the latter are treated with a 0.1 M HCl solution (Figure 2 ), thereby providing additional evidence for protonation of the amino groups. Moreover, two intense absorption bands at ca. 1500 cm -1 and ca. 1610 cm -1 , referred to as δ sym (NH 3 + ) and δ asym (NH 3 + ) respectively [the latter band being masked by the less intense absorption band of δ(H 2 O) which is located in the same spectral region] also appear in the IR spectra of such samples (Figure 2 ). Similar absorption bands were observed in the IR spectra of the APTES/Zr(HPO 4 ) 2 intercalate which contains protonated hydrolysates and condensation of APTES (Li et al. 1991) . It should be noted that a weak absorption band at 1600 cm -1 assigned to a hydrogen bond between amino groups appears in the IR spectrum of APTES itself (Zub and Chuiko 2006) . There is also a low-intensity absorption band (see above) in this region, which often decomposes into two components and is shifted to the low-frequency region at 7-69 cm -1 in the IR spectra of xerogels C-F (Figure 2 ). It may indicate the formation of another kind of hydrogen bond in the surface layers of xerogels relative to the situation with APTES. It is probable that these hydrogen bonds differ slightly in nature from each other. It was noted above that the protonation of amino groups also leads to the occurrence of two absorption bands in this region, although the interval between their positions is greater than 100 cm -1 . It should be added that the profiles and intensities of these bands are essentially different from the profile and intensity of the δ(NH 2 ) absorption bands observed in the IR spectra of the initial xerogels (Figure 2 ).
The resonance arising from the central propyl carbon atom of the ϵSi-C[CH 2 ]C-NH 2 group in the 13 C CP/MAS NMR spectrum is an indicator of the binding state of amino groups. Thus, individual APTES molecules exhibit a resonance at ca. 28 ppm in the 13 C CP/MAS NMR spectrum whilst, after protonation of the grafted 3-aminopropyl groups to an SiO 2 surface, this resonance moves to the stronger field region (21-22 ppm) of the spectrum (Caravajal et al. 1988) . If it is assumed that the resonance in the 13 C CP/MAS NMR spectrum of sample D arises from the central carbon atom of the 3-aminopropyl fragment ( Figure 3 and Table 2 ), it is possible to conclude that protonation of the -NH 2 groups in the surface layer of this sample arises either from a proton of the thiol group or from a proton of the silanol group. However, this conclusion is not in agreement with that made on the basis of the IR and Raman spectroscopic data. Thus, if the 3-aminopropyl group is not protonated in xerogel D, it may take part in the formation of hydrogen bonds. In this case, it is necessary to assume that the resonance from the central carbon atom of the propyl chain in the 21-22 ppm region of the 13 C CP/MAS NMR spectra can correspond either to the protonated amino group or to the formation of a hydrogen bond by this group. However, the hydrogen bond in sample D is different in character from the hydrogen bond in the xerogel with a bifunctional SH/NH 2 surface layer as synthesized by El-Nahhal et al. (1996) 1 . In this xerogel, the resonance from the central carbon atom of the propyl radical in the 13 C CP/MAS NMR spectrum coincides with the same resonance for APTES. Hence, it is reasonable to assume that the amino groups in the surface layers of this sample form hydrogen bonds which are similar in character to those formed by individual APTES molecules. This assumption is supported by the fact that treatment of the xerogel containing an SH/NH 2 surface layer with 1,1,3,3-hexamethyldisilazane employing the method of El-Nahhal et al. (1996) , with the aim of blocking the silanol groups, did not lead to any change in the positions of the signals arising from the carbon atoms of the propyl chain in the 13 C CP/MAS NMR spectrum. Indeed, from an analysis of the spectrum obtained, El-Nahhal et al. (1996) arrived at the conclusion that the signal from the central carbon atom of the ϵSi-CH 2 -C -H 2 -CH 2 -NH 2 group is overlapped by the signal from the two carbon atoms of ϵSi-CH 2 -C -H 2 -C -H 2 -SH group which occurs at 28 ppm. However, after treatment of this xerogel with a 0.11 M solution of HCl, the resulting 13 C CP/MAS NMR spectrum exhibited a signal at 22.8 ppm, i.e. near to one at 28.3 ppm, thereby confirming that protonation of the 3-aminopropyl group occurs under these conditions.
It is quite probable that the functional groups on the surface of the xerogel described by El-Nahhal et al. (1996) had a "comb-like" arrangement since their total content amounted to 5.0 mmol/g. In addition, some authors (El-Nahhal et al. 1996; Yang et al. 1997a,b) have reported that such xerogels were dried under vacuum for long periods of time. In a similar fashion to the xerogels reported by these authors, xerogel D had a smaller content of functional groups (4.1 mmol/g, Table 1 ). Moreover, analysis of the thermograms for this sample by Melnyk (Seredyuk) et al. (2002) indicated that the sample had a small water content (ca. 1 ⁄ 2H 2 O on two functional groups). Making allowance for this fact, one may conclude that the 3-aminopropyl groups on the surface of sample D (and also on the surfaces of samples C and E) form hydrogen bonds with silanol groups. It is also probable that the water molecules associated with the surface layers of these xerogels form hydrogen bonds, for example of the type [ϵSi(CH 2 ) 3 H 2 N … H 2 O … HOSiϵ]. It is also possible to infer that the thiol groups exhibit partial "inertness" in comparison to amino groups, in accord with the Raman spectroscopic data. A similar assumption was made earlier by Trokhymchuk et al. (2006) in considering the sorption of copper(II) ions by the same xerogels.
The hypothesis suggested above regarding surface layer structures in bifunctional xerogels agrees with the 13 C CP/MAS NMR and 1 H MAS NMR spectral results for sample F. Thus, the signal from the central carbon atom of the propyl chains for this sample also occurred in the same spectral range of 21-23 ppm (Table 2 and Figure 5 , respectively) as that existing in the 13 C CP/MAS NMR spectrum for the sample prior to treatment with HCl solution. After heating the initial xerogel in an oven, this signal moved to weaker fields in the 13 C CP/MAS NMR spectrum (Figure 6 ), i.e. to the region where the signal from the central carbon atom of APTES itself is located. In other words, the removal of water from the surface layers by heating results in the removal of a molecule of water forming a bridge between an amino group and a silanol group and to the formation of a new hydrogen bonds, viz. a bond between individual amino groups, leading to re-organization of the surface layers in the xerogel. Hence, the state of the surface layers in such xerogels depends on the drying conditions employed for the samples. It should be noted that the possibility of hydrogen-bond formation between two amino groups follows from the data presented in a number of papers [e.g. by Zub and Chuiko (2006) ] whose authors undertook EPR spectroscopic studies of the copper(II) complexes formed on the surfaces of xerogels of this type. Figure 6 presents the 1 H MAS NMR spectra recorded for the initial xerogel F, its dried sample and a sample of the xerogel treated with an aqueous HCl solution. A summary of the assignment of the observable signals is given in Table 3 . On the basis of these data, it is possible to arrive at the following major conclusions:
(1) The initial xerogel F contained a very small amount of ethanol (as shown by the area of the 1 H signals which were less than 0.1%) and residual ethoxysilyl groups (less than 1.5%); there was also some water in the sample. (2) During drying of this sample, all traces of ethanol and almost all the water were removed; the dried sample exhibited no signals which could be assigned to the presence of protonated amino groups (6.0-7.0 ppm). (3) Upon treatment of the initial xerogel with 0.1 M HCl solution, the appearance of an intense signal at 6.2 ppm caused by formation of the alkylammonium cation ϵSi(CH 2 ) 3 NH 3 + was observed (apparently overlapped by signals from the water protons). (4) Finally, in summary, it may be noted that signals associated with the protons of silanol groups or amino groups were not observed in these spectra. The same was also reported earlier by some other authors (Maciel 1998 ) who undertook studies with similar systems.
CONCLUSIONS
The xerogels with bifunctional surface layers composed of ϵSi(CH 2 ) 3 SH/ϵSi(CH 2 ) 3 NH 2 groups considered in this work possess certain features peculiar to their structure. Firstly, the simultaneous introduction of 3-mercaptopropyl groups and 3-aminopropyl groups during the hydrolytic polycondensation reaction used for their preparation resulted in the formation of biporous materials. Secondly, the 3-aminopropyl groups in the surface layers of such xerogels are not protonated and form hydrogen bonds. Thirdly, the main factor governing the structure of the surface layers in such xerogels is the amount of intralayer water, which depends on the drying conditions employed for the samples. The generation of a molecule of water from a 3-aminopropyl group leads to the latter forming a hydrogen bond with a silanol group via a bridge involving this water molecule. Reduction of amount of water in the surface layer leads to reorganization of its structure, i.e. the amino groups form hydrogen bonds between themselves. Finally, 3-mercaptopropyl groups of bifunctional xerogels with SH/NH 2 surface layers behave in an "inert" fashion. 
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